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(54) Apparatus and method of operating a heat pump to improve heating supply air temperature 



(57) An apparatus and method tor a heat pump op- 
erating in the heating mode controls the condenser air 
flow rate and the condenser exiting air temperature de- 
pending in a first embodiment on the evaporator ambi- 
ent temperature, and in a second embodiment, the 
evaporator air temperature and alternatively the con- 
denser air flow rate or the condenser exiting air temper- 
ature to alleviate a cold blow condition. The apparatus 
and method operate by sensing the evaporator ambient 
temperature with a sensor positioned proximate to the 



evaporator, and when that temperature is below a 
threshold value indicating a cold blow situation, deter- 
mining by circuit means a modified condenser air flow 
rate to achieve at the same time a slower air flow and a 
higher air temperature, so that the cold blow condition 
is terminated or at least alleviated. The apparatus and 
method alternatively command the blower to achieve a 
determined condenser air flow, or to achieve a deter- 
mined blower speed depending upon motor type, that 
results in a targeted condenser air flow or a targeted 
condenser exiting air temperature. 
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Description 



[0001] This invention relates generally to heat pump 
systems and more particularly to an apparatus and 
method lor raising both the heating mode condenser air 
flow temperature and at the same time decreasing the 
heating mode condenser duct air flow rate, for a given 
sensed evaporator ambient air temperature. 
[0002] Heat pumps are refrigeration systems used in 
both heating and cooling. Heat pump systems use a re- 
frigerant to carry thermal energy between a relatively 
hotter side of a circulation loop, where compression of 
the refrigerant by a compressor raises the temperature 
of the refrigerant, to a relatively cooler side of the loop 
at which the refrigerant is allowed to expand, causing a 
temperature drop. Thermal energy is added to the re- 
frigerant on one side of the loop and extracted from the 
refrigerant on the other side, due to the temperature dif- 
ferences between the refrigerant and the indoor and out- 
door air, respectively, to make use of the outdoor air as 
a thermal energy source. 

[0003] Heat pumps are bi-directional, in that suitable 
valve and control arrangements selectively direct the re- 
frigerant through indoor and outdoor heat exchangers 
so that the indoor heat exchanger is on the hot side of 
the refrigerant circulation loop for heating and on the 
cool side of the refrigerant circulation loop for cooling. 
A circulation fan passes indoor air over the indoor heat 
exchanger and through ducts leading to the indoor 
space. Return ducts commonly extract air from the in- 
door space and bring the air back to the indoor heat ex- 
changer. A fan likewise passes ambient air over the out- 
door heat exchanger, and releases heat into the open 
air, or extracts available heat therefrom. 
[0004] These types of heat pump systems can oper- 
ate only if there is an adequate temperature difference 
between the refrigerant and the air at the respective heat 
exchanger so as to maintain a transfer of thermal ener- 
gy. As the heating mode evaporator ambient air (or out- 
door air) temperature decreases, the refrigerant temper- 
ature entering the condenser consequently decreases, 
and the air temperature heated by the condenser and 
exiting the condenser consequently decreases. At out- 
side air temperatures as high as 50 °F, it is typical that 
the condenser exiting air temperature has already de- 
creased to below 98 "F, and will decrease further as the 
outdoor air temperature declines. Persons exposed to 
an exiting air flow draft below 98 °F experience a feeling 
of discomfort that is heightened further when the exiting 
air temperature drops. The phenomenon of this uncom- 
fortable feeling is commonly referred to as "cold blow". 
During a cold blow condition, the more rapid the flow 
rate of the exiting air, the greater the feeling o1 cold blow 
discomfort. 

[0005] It is conventional practice to design a heat 
pump system primarily for use as a cooling mode appa- 
ratus, and consequently optimize heat pump system 
characteristics for their cooling mode operation charac- 



teristics and not their heating mode operation. Specifi- 
cally, prior art heat pump system indoor heat exchanger 
fan speeds are optimized for their performance as cool- 
ing mode evaporator fans, and the heating performance 
5 of the cooling mode evaporator fan speeds is conven- 
tionally considered acceptable for the heating mode on 
the basis of system design economy and capacity per- 
formance. 

[0006] The optimization of heating mode condenser 
10 fan speeds for their use as cooling mode evaporator 
fans results in fans that are generally of a fixed speed 
that create a greater air flow than is necessary for the 
heating mode operation. Prior art heat pump system 
control is accomplished by using a thermostat that cy- 
ts cles the entire system (compressor and fans) on and off 
in response to a demand for heating, thereby maintain- 
ing the temperature inside an enclosure at a desired lev- 
el. In particular, during operation at relatively cool out- 
door temperatures, these fan speeds result in a higher 
20 speed enclosure air circulation, and an air cooler than 
would be obtained with lower condenser fan speed op- 
eration, alternatively exacerbating the affect of cold 
blow, or creating a cold blow situation. The heating ca- 
pacity supplied by the heat pump to heat the space is 
2S sufficient, but it is delivered at a relatively low tempera- 
ture and at an air velocity which feels drafty. The prob- 
lem worsens as the outdoor temperature falls and sup- 
plementary heat is not required (because the system is 
above the thermal balance point) to meet capacity 
30 needs. The heat pump system capacity decreases and, 
with constant airflow, the supply air temperature is cor- 
respondingly lower, increasing the cold blow affect of the 
delivered air. 

[0007] It is also conventional practice to design a heat 
35 pump system indoor heat exchanger fan speed to pro- 
vide at least the desired air flow for a range of indoor 
heat exchanger duct air drag characteristics, so that at 
duct air drags less than the maximum designed for duct 
air drag, the furnished air flow is generally greater than 
40 necessary to provide the desired heat exchange. 

[0008] Accordingly, there is a long-felt need when the 
outdoor air temperature is low enough to cause a cold 
blow condition, to raise the temperature of the condens- 
er exiting air, and/or to lower the flow rate of the con- 
45 denser exiting air. 

[0009] The conventional means for relieving a cold 
blow situation is to include a supplementary heater that 
generates electrical resistive heat disposed in the exit- 
ing air path of the heat pump system. U.S. Patent 
so 4,141 ,408 discloses such a conventional means for in- 
creasing the temperature of the exiting air. This partic- 
ular patent proposes to use sensors positioned on an 
indoor coil to measure the temperature of the air leaving 
the coil. The heating elements are turned on and off in 
55 response to the temperatures sensed by the sensors. 
The inclusion of supplementary heaters to a heat pump 
system add otherwise unnecessary expense and com- 
plication to the heat pump system Furthermore, during 
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the period of supplementary heat dissipation during a 
cold blow situation, the supplementary heaters signifi- 
cantly increase the expense and consumption of energy 
to the operational costs of the heat pump system. 
[0010] It is therefore an object of the present invention 
to overcome the problems of the prior art described 
above by providing a system which controls of the indoor 
air mover in a manner to provide the optimum comfort 
performance that can be achieved from a heat pump 
while maintaining reliable compressor operation. 
[0011] Briefly stated, the objectives of the present in- 
vention have been attained by a heat pump operating 
in the heating mode that controls the condenser air flow 
rate and the condenser exiting air temperature, depend- 
ing in a first embodiment upon the evaporator ambient 
temperature, and in a second embodiment, upon the 
evaporator air temperature and alternatively the con- 
denser airflow rate or the condenser exiting air temper- 
ature. The apparatus and method operate by sensing 
the evaporator ambienl temperature with a sensor po- 
sitioned proximate to the evaporator, and when that am- 
bient temperature is below a threshold value thus indi- 
cating a cold blow situation, determining by circuit 
means a modified condenser air flow rate to achieve 
both a slower air torn, and a higher air temperature, ter- 
minating the cold btow condition. The apparatus and 
method alternatively command the blower to achieve a 
determined condenser air flow, or a determined speed 
depending upon motor type, that results in a targeted 
condenser air flow « a targeted condenser exiting air 
temperature. 

[001 2] According to an apparatus embodiment o1 the 
present invention, <a heat pump operating in the heating 
mode having an imfltoor air exchanger, the condenser, 
includes a meanstarmoving the supply airoverthe con- 
denser (generaByat east one blower), and a thermostat 
ineans that hastaaft a sensor means for determining 
- . door air tenpwature (more broadly the evapora- 
: >• dfROtem tempesalwe) and a means for regulating the 
; low rate (volume ^fdiirper unit of time) of the supply air 
over the condenser in response to the outdoor air tem- 
perature, so ttrtl a non-cold blow situation is ensured. 
[0013] Amettat^mbodimentof the present invention 
includes a sensing; nrep of sensing the evaporator am- 
bient temperature.aedetermining step of determining at 
a given evaporatoraanbient temperature a blower sup- 
ply air flow charaa»«slc that is consistent with a non- 
cold blow supply air Bomperalure or a reduced supply 
air flow rate flow fflte that alleviates a cold blow condi- 
tion, and a transnwtfag step of transmitting the deter- 
mined blower sujwijyair flow characteristic to the blower. 
The term 'blowenampty air flow characteristic" refers to 
the characteristiattaaiis used to control the blower motor 
of the variable sfraat blower, including alternatively a 
motor speed commaid consistent with motor type, or a 
targeted supply air ttaw rateb or blower motors that ad- 
just their speed acBoiling to a targeted flow rate. 
[0014] The above.and other objects, features and ad- 



vantages of the present invention will become apparent 
frcm the following description read in conjunction with 
the accompanying drawings, in which like reference nu- 
merals designate the same elements. 
5 [0015] For a better understanding of these and other 
objects of the present invention, reference will be made 
to the following detailed description of the invention 
which is to be read in association with the accompanying 
drawings, wherein: 
10 [0016] Fig. 1 portrays a heat pump compressor oper- 
ating curve that plots a saturated discharge temperature 
versus a saturated suction temperature for a given re- 
frigerant and heating mode condenser air flow rate. 
[0017] Fig. 2 portrays a schematic of the preferred 
is embodiment heat pump system of the present invention, 
including an outdoor air temperature sensor, and an 
electronic thermostat that signals the condenser air 
mover to adjust air flow as a function of outdoor air tem- 
perature. 

20 [0018] Fig. 3 portrays a heat pump heating mode op- 
erating curve that plots outdoor temperature versus con- 
denser delivery temperature as a function of condenser 
air flow rate. 

[0019] It is conventional practice to design a heat 
25 pump indoor heat exchanger blower speed that is both 
sized for operation at a speed dictated by cooling mode 
requirements and dictated by higher than typically en- 
countered air duct drag, both resulting in a greater blow- 
er speed than necessary to achieve efficient condenser 
30 heat exchange. Moreover, the typical heat pump heating 
mode operation in both cold blow and other conditions 
easily accommodates the warmer refrigerant tempera- 
tures that may result from a slower air flow across the 
condenser heat exchanger, without exceeding the re- 
35 frigerant temperature and pressure limitations. 

[0020] Prior art heat pump systems do not have an 
indoor heat exchanger blower speed that is sized for a 
cold blow outdoor air temperature, and do not induce a 
lower condenser airflow during cold blow conditions, al- 
40 though a lower air flow is both adequately efficient and 
generally available within the headroom of safe operat- 
ing limitations. Prior art indoor heat exchanger blower 
speed can be lowered during cold blow conditions to 
provide a more comfortable lower and warmer air flow 
45 effectively solving the cold blow problem, while at the 
same time providing an efficient heat exchange at the 
condenser and supplying heat to the enclosure being 
healed. 

[0021] The present invention provides a method and 
so an apparatus that monitors the outdoor air temperature 
and when it is at a temperature cold enough to induce 
cold blow, reduces the heating mode condenser blower 
speed to provide a less drafty air flow at a higher tem- 
perature, and that includes a temperature high enough 
ss to end the cold blow condition. 

[0022] Referring to Fig. 1 , a typical heat pump com- 
pressor operating curve plots an envelope 102 of allow- 
able compressor saturated suction temperature along 
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the x-axis against allowable compressor saturated dis- 
charge temperature along the y-axis, where discharge 
temperature refers to the temperature of a saturated re- 
frigerant at the high pressure side ol a compressor, and 
suction temperature refers to the temperature of a sat- 
urated refrigerant at the low pressure side of a compres- 
sor. The envelope 102 portrays, for a typical refrigerant 
and compressor, the limits of the saturated suction and 
discharge temperatures necessary to properly maintain 
a gaseous refrigerant in the compressor, and conse- 
quently to operate the compressor under safe operating 
limitations. 

[0023] Plotted within the envelope 102 is a typical pri- 
or art heat pump refrigerant curve relating suction tem- 
perature to discharge temperature for a typical heat 
pump system operating in the heating mode at a typical 
prior art condenser blower speed, here at a speed that 
results in a 425 CFM/ton air flow rate 104. It is well 
known in the art that an increased heating mode con- 
denser fan speed leads to a reduced, within a limit, re- 
frigerant temperature exiting the condenser, and ac- 
cordingly to both reduced refrigerant suction and dis- 
charge temperatures. At lower fan speeds, the plot of 
refrigerant suction to discharge temperature has both a 
higher discharge and a higher suction temperature for 
a given outdoor temperature, and the plot of refrigerant 
suction to discharge temperature has a higher suction 
temperature for each discharge temperature 
[0024] A conventional heat pump system heating 
mode condenser blower speed is typically sized at a 
speed comfortably higher than the speed threshold 
speed that will lead to an unacceptably too hot refriger- 
ant temperature, both because conventional condenser 
blower speeds are determined by the requirements of 
the cooling mode evaporator air flow rates, and because 
blower speeds are determined for a high drag indoor 
duct configuration. Thus, conventional heat pump heat- 
ing mode condenser blower speeds may generally be 
reduced without exceeding their refrigerant temperature 
and pressure limitations. 

[0025] Plotted is a heat pump refrigerant curve for the 
same typical heat pump system at a lower condenser 
fan speed, here 283 CFM/ton 106 for a suction temper- 
ature range from 22 °F to 38 "F, and a heat pump refrig- 
erant curve for the same typical heat pump system at a 
still lower fan speed, here 212 CFM/ton 108. for a suc- 
tion temperature range of -3 °F to 23 °F. It is seen that 
while these lower flow rate plots raise each curve 106 
and 108 along the saturated discharge temperature ax- 
is, the typical prior art heat pump has a headroom that 
permits lowering the heating mode condenser fan speed 
while operating the heat pump system at a saturated dis- 
charge temperature that is within the envelope and 
above the prior art curve 104, and that is within the safe 
operating limits of the compressor. 
[0026] Referring to Fig. 2, the heat pump system 200 
of this invention has an outdoor air temperature sensor 
(or more broadly an ambient temperature sensor) 205 



that is positioned to sense the temperature of the ambi- 
ent air at the outdoor air exchanger 225 of a heat pump 
215 (which is the evaporator in the heating mode). The 
outdoor air temperature sensor 205 furthermore com- 
s municates that sensed outdoor air temperature to a ther- 
mostat 210, the thermostat 210 preferably including a 
computing device that includes a programmable com- 
puter (not shown), a computer memory device (not 
shown), and a program that is stored in that memory 
10 device and that is executed by the programmable com- 
puter, the thermostat commanding the indoor air ex- 
changer blower motor to affect a prescribed exiting air- 
flow by execution of the stored program. 
[0027] The outdoor air temperature sensor 205 pref- 
is erably converts the sensed temperature to a digital elec- 
trical signal that is directly compatible with the input re- 
quirements of the programmable computer, but the heat 
pump system of this invention may also include a con- 
ventional apparatus tor converting the temperature sen- 
20 sor 205 electrical output signal into a signal compatible 
with the programmable computer. 
[0028] The program includes an application program 
that comprises program steps that preferably in order: 
1) read the outdoor sensed air temperature, 2) measure 
25 that sensed air temperature against at least one tem- 
perature threshold, 3) determine a temperature range 
that the sensed air temperature fits in according to the 
temperature threshold(s), 4) determine alternatively a 
determined condenser air flow or a determined con- 
30 denser blower speed based on the determined temper- 
ature range of the preceding step, and 5) prepare an 
output command signal that is representative of the de- 
termined condenser air flow or blower speed from the 
preceding step. 
35 [0029] An embodiment of the invention herein may in- 
clude, rather than the computing device, a conventional 
circuit that senses the outdoor sensed air temperature 
signal, and prepares an output command signal repre- 
sentative of a determined condenser air temperature 
40 flow or of a blower speed, based on the outdoor sensed 
air temperature signal and the temperature thresholds. 
Such a non-computing device implementation may in- 
clude a circuit comparator means, such as a digital com- 
parator, that accepts as an input the outdoor sensed air 
45 temperature signal compared with a threshold amount, 
such as a digital reduction of the sensed air temperature 
signal and a digitized threshold. The comparator means 
associates output with a specific predetermined output 
command, such as by a specific address line to each of 
so a non-volatile memory device address, to initiate a rea- 
dout of the content of each memory address as a digital 
value of the commanded output signal, each memory 
address holding a specific command. 
[0030] Refemng to Fig. 3 by point of illustration of the 
ss application program logic as well as presentation of the 
preferred embodiment, heat pump heating mode con- 
denser exit air temperatures are plotted against outdoor 
air temperatures for a CARRIER model 
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38YRA024300/FK4CNF001 000AFAA heat pump, avail- 
able from the CARRIER CORPORATION ot Farming- 
ton. Connecticut. Curve 302 represents a plot for a con- 
denser exit air flow rate of 425 CFM/ton over an outdoor 
temperature range of from 0 °F to 60 °F. It is noted that 
the 425 CFM/ton flow rate is representative of a prior art 
heat pump system. Along curve 302, at an outdoor tem- 
perature of about 50 "F, the condenser exit air temper- 
ature (or supply air temperature) is at 98 °F, the cold 
blow threshold, and at all outdoor temperatures below 
50 °F, a cold blow situation exists. At an outdoor air tem- 
perature of 30 D F, the condenser air temperature is at 
90 °F, and continues at lower outdoor air temperatures, 
the condenser air temperature continues to dropoff as 
the outdoor air temperature decreases. 
[0031] Curve 304 represents a plot for a condenser 
supply air flow rate of 283 CFMAon over an outdoor air 
temperature range of from 40 °F to 60 °F, and curve 306 
represents a plot for a condenser supply air flow rate of 
212 CFMAon at an outdoor air temperature range of 
from 10 °F to 40 "F. It is observed that for the reduced 
air flow rate represented by curve 304, as contrasted 
with the air flow rate of the prior art curve 302, there is 
an approximate 20 F" condenser air exit temperature in- 
crease for each outdoor air temperature, and for the 
even more reduced air flow rate represented by curve 
306, there is an approximate 28 F° condenser air exit 
temperature increase for each outdoor air temperature. 
Over the outdoor air temperature range above 40 °F, 
there is no cold blow for the 283 CFMAon condenser 
exit air flow rate, and over the outdoor air temperature 
range of from 10 °F to 40 "F, there is no cold blow for 
the 21 2 CFM/ton condenser exit air flow rate. 
[0032] Referring again to Fig. 2, the preferred temper- 
ature threshold(s) for the CARRIER model 
38YRA024300/FK4CNF001000AFAA are 1 2 °F and 40 
•F. At above 40 »F. a reduced air flow is implemented to 
prevent a cold blow condition, and the determined con- 
denser air flow rate is the 283 CFMAon air flow rate de- 
picted in curve 304 in Fig. 3, and that results in an ade- 
quate air flow temperature of at least about 110 "F (see 
curve 304, Fig. 3), and an output command signal rep- . 
resentative of a 283 CFM/ton air flow rate is prepared 
by the programmed computer. At 40 "F to 1 2 "F, the de- 
termined condenser air flow rate is the 212 CFMAon air 
flow rate depicted as curve 306 in Fig. 3, and that results 
in an adequate air flow temperature of at least about 1 00 
°F (see curve 306, Fig. 3), and an output command sig- 
nal representative of a 21 2 CFMAon air flow rate is pre- 
pared by the programmed computer. At below an out- 
door air temperature of about 1 2 °F, the determined con- 
denser air flow rate is a higher air flow than 212 CFM/ 
ton. At least below 12 "F it is preferable to use a sup- 
plementary electric heat because the air flow tempera- 
ture is approaching a cold blow temperature, and the 
outdoor air temperature will be approach ing or below the 
thermal balance point of the heat pump installation. 
[0033] The thermostat 210 transmits a properly and 



conventionally signal conditioned output signal repre- 
sentative of a commanded condenser air flow rate to the 
indoor air exchanger blower motor system 220 for prop- 
er regulation of the supply air temperature. The blower 
s motor system and associated variable speed motor is 
preferably of a kind, as disclosed in United States patent 
4,978,896, and United States patent 5,492,273, that 
maintains a preselected air flow rate regardless of the. 
static pressure by controlling the speed of a variable 
10 speed blower motor according to the electric current 
though the motor. The relevant disclosures of U.S. pat- 
ents 4,978,896, and 5,492,272, are incorporated herein 
by reference. Accordingly, the commanded supply air 
flow rate is maintained by the blower motor according 
is to the flow rate determined by the thermostat of the 
present invention as described herein. 
[0034] Alternatively, the thermostat of the present in- 
vention may output a blower motor digital speed com- 
mand for the blower motor to regulate the supply air flow 
20 rate. That command output may include or indicate a 
voltage, a duty cycle for a pulse width modulated motor, 
a frequency, controlling switch commands for a tapped 
motor input., or any other output consistent with the 
speed adjustment means of the specific blower motor, 
2S conventionally converted to a level and form consistent 
with the input characteristics of the motor, wherein the 
command motor speed is correlated with a static target- 
ed air flow rate according to an analytic function or a 
tabular look-up means. 
30 [0035] Furthermore, the heat pump of this invention 
may include a supply (condenser) air sensor 230, alter- 
natively a supply air flow rate sensor or a supply air tem- 
perature sensor, positioned to respectively sense the air 
flow rate or temperature, at the exit of the condenser 
as duct. The condenser air sensor 230 signal is input into 
the thermostat, for a conventional closed loop determi- 
nation of a motor speed based on that sensed supply 
air characteristic and the target air flow. 
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Claims 

1 . In a heat pump of the type having an indoor air ex- 
changer, an apparatus for controlling the supply air 
temperature when the heat pump is operating in a 
heating mode, said apparatus characterized by: 

air flow means for moving supply air over said 
indoor air exchanger; and 
thermostat means having sensor means for de- 
termining an outdoor air temperature and reg- 
ulating means for regulating the flow rate of 
said supply air over said indoor air exchanger 
in response to said outdoor air temperature; 
whereby a non-cold blow condition is ensured. 

2. The apparatus recited in claim 1 , wherein said out- 
side air temperature includes at least one temper- 
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ature range, and said regulating means includes 
determining a specific air flow rate for each said 
range. 

The apparatus recited in claim 1 , wherein said reg- 
ulating means includes a programmable computer 
and a program that said programmable computer 
executes that performs said regulating. 

The apparatus recited in claim 1 , wherein said air 
flow means includes a blower, and said regulating 
means includes determining a speed of said blower 
from said outdoor air temperature, and outputting 
means for outputting a signal having a value repre- 
senting said speed of said blower. 

The apparatus recited in claim 1 , wherein said sen- 
sor means is furthermore for determining a supply 
air flow characteristic consisting of one of a supply 
air temperature and a supply air rate; wherein said 
air flow means includes a blower; and wherein said 
regulating means includes said regulating the flow 
rate in response to said supply air flow characteris- 
tic. 

A method of operating a heat pump in a heating 
mode, said heal pump being the type having a heat- 
ing mode co n denser variable speed blower, and an 
evaporator ambient temperature sensor, character- 
ized by: 

a sensing step of sensing the evaporator ambi- 
ent lempexalure; 



a deterniwiig step of determining at a given 
evaporator ambient temperature a blower sup- 
ciy air flaw characteristic that is consistent with 
■er. least one of a non-cold blow condenser ex- 
iting air temperature and a reduced supply air 
rate fca alleviating a cold blow condition; 

^nd 

a transmitting step of transmitting said deter- 
mined bfoeer supply air flow characteristic to 
said blown; 

whereby sad cold blow condition is one of ter- 
minated aaratalleviated. 
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and a program that said computer responds to, and 
said determining step includes executing said pro- 
gram to determine said blower supply air flow char- 
acteristic. 

The method recited in claim 6 wherein said blower 
supply air flow characteristic is a blower speed; said 
heat pump further includes a supply air temperature 
sensor for sensing said heating mode condenser 
output air temperature; and further characterized by 
the following steps: 

an air temperature sensing step of sensing said 
supply air temperature; and 
said determining step includes executing said 
program to determine said blower speed based 
on said supply air temperature and said evap- 
orator ambient temperature. 

The method recited in claim 6 wherein said blower 
supply air flow characteristic is a blower speed; said 
heat pump further includes a supply air flow speed 
sensor for sensing said heating mode condenser 
output air flow rate; and further including the follow- 
ing steps: 

an air flow speed sensing step of sensing said 
supply air flow rate; and 
said determining step includes executing said 
program to determine said blower speed based 
on said supply air flow rate and said evaporator 
ambient temperature. 



The method <df cfaim 6 wherein said determined 
blower supptyatrflow characteristic includes one of 
a supply air <tiam rate and a blower speed. 

so 

The method mated in claim 6 wherein said deter- 
mining step «dteres determining at least one tem- 
perature thnstadti and determining a blower supply 
air flow charattteristic for operating above and be- 
low each saidttsnperature threshold. ss 

The method .reared in claim 6 wherein said heat 
pump further includes a programmable computer 
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